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Abstract. This study aims at identifying and understanding the parent population of novae in the Large 
Magellanic Cloud (LMC) by studying the local, projected, stellar population. The star formation history of the 
local environment around novae is studied based on photometric data of stars and star clusters in the nova 
neighbourhood, available in the OGLE II survey and star cluster catalogues. The age of the stellar population 
within a few arcmin around novae regions are estimated using isochrone fits to the V vs (V— I) colour-magnitude 
diagrams. The fraction of stars in various evolutionary states are compared using luminosity functions of the 
main-sequence stars and the red giant stars. 

The age, density and luminosity function of the stellar population are estimated around 15 novae. The 
upper limit of the age of the intermediate stellar population is found to be 4 Gyr in all the regions, excepting the 
region around the slow nova LMC 1948. Star formation in these regions is found to have started between 4-2.0 
Gyr, with a majority of the regions starting star formation at 3.2 Gyr. This star formation event lasted until 
1.6-0.8 Gyr. 

The star formation history of the underlying population of both the fast and moderately fast novae indi- 
cate their parent population to be similar and likely to be in the age range 3.2-1.0 Gyr. This is in good 
agreement with the theoretical age estimates for Galactic cataclysmic variables. 

The region around the slow nova shows a stellar population in the age range 1-10 Gyr, with a good 
fraction older than 4 Gyr. This indicates that the progenitor might belong to an older population, consistent 
with the idea that the progenitors of slow novae belong to older population. 
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1. Introduction 

Novae belong to the class of cataclysmic variables (CVs), 
i.e. interacting close binary systems in which a white dwarf 
accretes matter from a Roche lobe filling companion. 
Novae undergo outbursts of amplitude Am = 8 — 15 in the 
optical range, reaching magnitudes as high as My ^ —9. 
The outbursts, which are accompanied by ejection of mat- 
ter with velocities > 300 km s~^, are triggered by a ther- 
monuclear runaway reaction in the hydrogen burning shell 
at the bottom of the accreted layer on the surface of the 
white dwarf. The rate of decline of the nova, which is 
well correlated with the outburst maximum, determines 
the speed class of the nova. The brightness of novae to- 
gether with the well established relation between the ab- 
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solute magnitude at maximum and the rate of decline 
make these objects valuable as secondary standards for 
extragalactic distance measurements (e.g. CapaccioUi et 
al. 1989; Capaccioli et al. 1990|; Pritchet & van den Bergh 
19871 Delia Valle & Livio [19951). The use of novae as dis- 
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tance indicators is however complicated by the lack of un- 
derstanding of how the properties of novae vary between 
galaxies. 



The photometric and spectroscopic development of a 
nova outburst depend on the properties of the accreting 
white dwarf such as its mass and composition (CO or 
ONeMg type) and also on other factors such as the metal- 
licity in the accreted material and the accretion rate (see 
Kato |1997[ Starrfield, Truran & Sparks pOOOj ). Some or aU 
these factors may depend on the underlying stellar pop- 
ulation. A study of the underlying population in a nova 



2 



Subramaniam & Anupama: Stellar Population of Novae Regions in the LMC 



environment would hence be useful in revealing the influ- 
ence of the various parameters on nova properties. 

Attempts to study the progenitors of novae have, in 
the past, been based on their spatial distribution (eg. 
Duerbeck 11984 CiarduUo et al. |1987|; Delia Valle & 
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1994 


)• 



thesis models of the statistics and properties of Galactic 
CVs and extragalactic novae indicate that the rate of for- 
mation of CVs, the nova rate and the distribution of no- 
vae over speed classes depend on the star formation his- 



tory (SFH) (Yungelson, Livio & Tutukov |1997| and refer- 
ences therein). Based on an analysis of the speed classes of 
Galactic and extr agalac tic novae and their sp atial d istri- 
bution, Duerbeck ( |199C| ) and Delia Valle et al ( |l992| ) sug- 
gested the presence of two nova populations: fast, bright 
disk novae and slow, faint bulge novae. They also sug- 
gested the disk novae originate from more massive white 
dwarfs. Hatano et al ( 1997 ) and Hatano, Branch & Fisher 
( |l997| ) investigated the observability and spatial distribu- 
tion of classical novae in the Galaxy and M31 using a 
Monte Carlo technique together with a simple model for 
the distribution of dust, and found that most novae in 
these galaxies come from the disk population rather than 
the bulge population. Further, the bulge-to-disk nova ra- 
tio is similar to the overall bulge-to-disk mass ratio of the 
galaxy. Galaxies such as M33 and the Large Magellanic 
Cloud (LMC) are disk dominated galaxies. Hence most of 
the nova population in these galaxies are expected from 
the disk population. 

A study of the underlying stellar population can be 
made by understanding the SFH of the region around no- 
vae using clusters and field stars in the region. Such a 
study of the environmental effects on the nova population 
in the Galaxy is influenced by the fact that it is not very 
easy to identify their parent population and the age due 
to (a) the nova distribution is observed from within the 
Galaxy, and (b) mixing of different stellar population in 
the disk of the Galaxy. To study the environmental effects 
on novae and the implications, it is hence ideal to look 
at an external galaxy where the uncertainty in internal 
distances are eliminated. The LMC is one of the very few 
external galaxies where a large number of novae have been 
detected and studied in detail over the years. The known 
differences in the abundances and evolution between the 
LMC and the Galaxy might help in understanding the in- 
fluence of these parameters on novae properties. Further, 
the LMC is believed to have undergone a burst of star 
formation 3-5 Gyr ago, which probably continued to the 
present day (Butcher 1977). This event of star formation 
resulted in the majority of the intermediate population 
seen in the disk of the LMC. Thus, a study of the SFH 
may be able to point to the age of the parent population 
of novae in the LMC. 

Nova outbursts in the LMC have been recorded since 
1926 (Buscombe & de Vaucouleurs 1955). A study of 
the distribution of novae and supernova remnants in the 



Magellanic clouds by van den Bergh (198S) indicated no- 
vae were widely distributed over the face of the LMC with 



a possible clumping slightly to the south of the Bar. van 
den Bergh also noted that there was no concentration 
of novae within the Bar itself, in contrast with the dis- 
tribution of supernova remnants, and concluded the Bar 
to be younger than the intermediate age population with 
which novae are associated. Subsequent to van den Bergh's 
study, some of the novae detected in the recent past are 
found to be located in the region of the Bar. 

In the present work, the stellar population in the region 
of novae are studied using star clusters and field stars in 
the nova neighbourhood. Star clusters are used to trace the 
epochs of cluster formation while field stars trace the SFH 
of the region. This study, which is the first such attempt, 
thus aims at identifying and understanding the properties 
of the parent population of novae by studying the local 
SFH of the novae regions instead of the global SFH of the 
LMC. Such a study will enable inter-comparison of the 
properties such as the age and metallicity of the different 
regions, which may be used to compare and correlate with 
the properties of novae. 

2. Novae in the LMC and their distribution 

Thirty novae have so far been discovered in the LMC, of 
which one is a recurrent nova. Only 19 novae have pho- 
tometric/spectroscopic data from which the speed class 
and other outburst properties are available. Following the 
speed classes given by Duerbeck (1990), we find that 14 
novae belong to the very fast class {t^ < 10), or fast 
(t3 = 11 — 25 days) category. Among these, one is su- 
per bright (LMC 1991), one is recurrent (LMC 1968/LMC 
1990#2) and three are known to be ONeMg novae (LMC 
1981, LMC 1988#2, LMC 1990#1). 3 novae belong to the 
moderately fast category {t^ = 26 — 80 days) and two have 
been found to be slow novae {t^ > 80 days). LMC 1995 
was discovered as a super soft x-ray source at late phases 
and is analysed to have occurred on a massive (1.2 Mq) 
CO white dwarf (Orio & Greiner 1999 ). The recently dis- 
covered LMC 2002 appears to be a fast nova. LMC 1999 
does not appear to be a nova. The location, speed class 
and other known properties of the LMC novae are tabu- 
lated in Table 1. 

Since the previous study of the distribution of novae 
in the LMC by van den Bergh ( 1988 ), ten new novae and 
one recurrent nova have been discovered. Figure ^ shows 
the location of all novae in the LMC, identified by their 
serial number in Table 1. From the figure, it is seen that 
novae are widely distributed over the face of the LMC, 
with a lack of novae in the 30 Dor region, and an apparent 
clumping of novae towards the south east of the bar. 



3. Novae neighbourhood stellar population 

The ages, density and metallicity of the projected stel- 
lar population in the neighbourhood of novae are studied 
based on the star clusters and the field star population 
in that region. As the focus of this study is the interme- 
diate age population, the recent ground based surveys of 
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Table 1. List of novae in the Large Magellanic Cloud: coordinates, speed class and type, references for speed class 
and type. 



No. 


Novo, 




RA (2000) 


Dec(2000) 




R6m&rks 


Ref.'' 








h 


m 


s 


o 




II 


Days 






1. 


LMC 


1926 


05 


14 


54.54 


—66 


48 


44.06 


200 


slow nova 


12 3 


2. 


LMC 


1935 


03 


59 


15.90 


—67 


46 


35.71 


25.1 


fa cji" n nv?i 


1 2 3 


3. 


LMC 


1936 


05 


07 


26.75 


—66 


39 


12.08 


31.6 


TTinrlprafplv f?it;"l" nnva 


1 2 3 


4. 


LMC 


1937 


05 


57 


04.44 


—68 


54 


47.92 


19.9 


ffi tit x\ n^7"ft 


1 2 3 


5. 


LMC 


1948 


05 


38 


15.38 


—70 


20 


26.23 


101.1 


0±vJ VV i±W V Cl 


1, 2, 3 


6. 


LMC 


1951 


05 


12 


51.93 


—69 


58 


36.25 


6.26 


V • ±CLO L ±1W V Cl 


1, 2, 3 


7. 


LMC 


1968 


05 


09 


58.28 


—71 


39 


51.49 


5.26 


\T ffmf nnvfi" TTSipn fvnp RIM 


2 3 4 5 

Z, O, ^, -J 


8. 


LMC 


1970#1 


05 


33 


13.25 


—70 


35 


04.41 






2 


9. 


LMC 


1 Q7Vidt2 

-L iJ 1 \J-j-j- 


05 


35 


28.90 


—70 


47 


14.32 


15.3 


±<_lrO \} 1±W V Cl 


2 3 


10. 


LMC 


1971#1 


04 


58 


23.23 


—68 


05 


34.02 


28.3 


mnrlprftfplv ffiQf nova 


2 3 
z, o 


11. 


LMC 


1971#2 


05 


40 


35.22 


—66 


40 


35.23 




nnnv Hatfi 


2 


12. 


LMC 


1972 


05 


28 


24.66 


—68 


49 


42.92 




poor dcitcL 


2 


13. 


LMC 


1973 


05 


15 


18.58 


—69 


39 


46.00 




poor dcitcL 


2 


14. 


LMC 


1977#1 


06 


05 


45.50 


—68 


38 


12.74 




T^nnv Ha fa 


2 


15. 


LMC 


1977#2 


05 


05 


10.87 


—70 


09 


01.51 


20.7 


fcLSt I10V3, 


2 3 6 


16. 


LMC 


1978#1 


05 


05 


52.26 


—65 


53 


02.67 


7.8 


'\T fa n n^/a 


2 3 
z, o 


17 


LMC 


1978i/i?:2 


05 


00 


59.65 


—67 


12 


44.81 




nnnr Hafa 

l_/ w CL L CL 


2 


18. 


LMC 


1981 


05 


32 


09.27 


—70 


22 


11.70 




spGctrfl. indic&tG v. f&stj ONsNIg novci 


2 7 


19. 


LMC 


1987 


05 


23 


50.12 


—70 


00 


23.50 


5.26 


V. fcLst novo, 


2 3 


20. 


LMC 


198S3?/:! 

-L iJ^yJ-f-j- -L 


05 


35 


29.33 


—70 


21 


29.39 


39.2 


mnrlprafplv fat;"!" nova 


2 3 8 
z, o, o 


21. 


LMC 


1988^^2 


05 


08 


01.10 


—68 


37 


37.67 


9.7 


V. fcLstj ONcA/Ig novcL 


2 3 9 


22. 


LMC 


19903?/:! 


05 


23 


21.82 


-69 


29 


48.48 


7.69 


V fa^f' OlNfplVTo' Tinva 

V • ±CLO L ^ V y i. d.V±^ 1H_J V CL 


2, 3, 10 


23. 


LMC 


1990#2 


05 


09 


58.28 


-71 


39 


51.49 


5.26 


Recurrent nova 1968 




24. 


LMC 


1991 


05 


03 


44.98 


-70 


18 


13.64 


6± 1 


V. fast; super bright, low metallicity 


11 


25. 


LMC 


1992 


05 


19 


19.84 


-68 


54 


35.09 


11.23 


fast nova 


3 


26. 


LMC 


1995 


05 


26 


50.33 


-70 


01 


23.08 




SS X-ray at late phases. 1.2 M© CO WD 


12 


27. 


LMC 


1997 


05 


04 


26.07 


-67 


38 


38.00 








28. 


LMC 


1999 


05 


35 


32.77 


-69 


29 


52.01 




does not appear to be a nova 




29. 


LMC 


2000 


05 


25 


01.60 


-70 


14 


17.03 








30. 


LMC 


2002 


05 


36 


46.64 


-71 


35 


34.4 


23 


fast nova 


13, 14, 15 



''References: (1) Buscombe & de Vaucouleurs (1955), (2) Capaccioli et al. (1990) and references therein, (3) Delia Valle & Livio 

(1995) and references therein, (4) Sekiguchi et al. (1990), (5) Shore et al. (1991), (6) Canterna & Thompson (1981), 

(7) Andrillat & Dennefeld (1983), (8) Schwarz et al. (1998), (9) Sekiguchi et al. (1989), (10) Vanlandingham et al. (1999), 

(11) Schwarz et al. (2001), (12) Orio & Greiner (1999), (13) Liller (2002), (14) Kilmartin & Gilmore (2002), (15) Gilmore (2002) 



the LMC can be used to obtain the data on stellar popu- 
lation. Various, extensive surveys have generated a large 
database of star clusters and field stars in the LMC. For 
the present analyses, the data on field st ars a re obtained 
from the OGLE II survey (Udalski et al. |2000|) . The data 
from only one survey are used since it is essential to have a 
homogeneity of data for an inter-comparison of the differ- 
ent regions. All the available catalogues of the LMC star 
clusters are used to locate clusters in the neighbourhood 
of novae. 



3.1. Data and analyses 
3.1.1. Field stars 

Field stars within a radius of a few arcmin in the vicin- 
ity of novae were identified from the OGLE II survey. 
Photometric data were found to be available for regions 
around 15 novae. As more observations were found to be 
available in the I passband, the V vs {V — I) colour- 



magnitude diagrams (CMDs) were used in the analyses. 
All CMDs show a fairly narrow main-sequence (MS) and 
a tight red giant branch (RGB) and a red giant clump 
(RGC). The structure of the RGB and the RGC are looked 
at in greater detail in order to analyse the properties of 
the intermediate age stellar population in the region, to 
which the novae presumably belong. 

The stellar data are corrected for an assumed redden- 
ing of E{V — I) = 0.10 mag. Although the reddening 
in the LMC has been shown to be varying and clumpy 
(Udalski et al. 1999), a single value for reddening assumed 
is here, and is found to be satisfactory while fitting the 
isochrones to the main-sequence of the CMDs, except in 
the case of one region, near LMC 1948. Assuming the re- 
lation Av = i.2AE{B-V) a.iidE{V-I) = 1.37E{B~V), 
the value of Ay is obtained as 0.355 mag. This value of 
extinction agrees (within errors) with that estimated by 
Dolphin (|20^. Following Pietrzynski & Udalski (pOOO|) a 



distance modulus of 18.24 mag for the LMC is assumed 
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Fig. 1. Distribution of novae across the face of the Large Magellanic Cloud. The Bar and 30 Dor regions are also 
shown. 



here. For this value of the distance modulus, one arcmin 
on the LMC corresponds to 13.4 pc. 

The ages of different stellar populations in the vicinity 
of novae are identified by isochrone fits to the CMDs. An 
isochrone fit to the MS identifies the age of the youngest 
population while the isochrone fits to the red giants (RG) 
identify the ages of the intermediate to old stellar pop- 
ulation. The isochrones from Bertelli et al. (1994) with 
metallicities, Z = 0.008 and Z — 0.004 are used for the 
age estimation. 

The differential luminosity functions (LFs) of the 
main-sequence (MS) stars and the red giants are estimated 
and are used to compare the relative distribution of stars 



in the CMDs. The LF is estimated by binning the stars in 
magnitudes, such that the width of each bin is 0.2 mag. 
The stars bluer than {V — /)o = 0.7 are assumed to be MS 
stars and stars redder are assumed to be red giant stars. 
In order to estimate accurate LFs, the incompleteness in 
the data should be included. For this, incompleteness in 
the data presented by Udalski et al. ( 200C| ), which is a 
function of brightness and stellar density are used. Three 
sets of incompleteness data are available, depending on 
the stellar density of the field. By visually comparing the 
stellar density near the location of the novae, the most 
likely values of data incompleteness for each region are 
chosen. A limiting magnitude of V=20.7 is chosen for the 
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present study. This limiting magnitude implies that the 
stars in the MS are younger than about 1.6 Gyr, while 
the RGB stars are a mixture of both young and old popu- 
lation. This point is to be borne in mind in the discussion 
of the fraction of stars in the MS and RGB. 

3.1.2. Star clusters 



The star clusters in the vicinity of novae were identified 
and their properties obtai ned b ased on the followin g cat- 
alogs: Pietrzynski et al. ( |l999[ P99)), Bica et al. ( |1999 : 
B99) Bica et al. ( |1996[ B96), Pietrzynski and Udalski 
( |2000| : PU2000). B96 present integrated UBV photometry 
of 624 star clusters and associations in the LMC. They 
estimate the ages of the clusters based on their integrated 
colours and hence classify the clusters into SWB types 
(Searle, Wilkinson & Bagnoulo 1980), which is basically 
an age sequence. This classification can be used to obtain 
the approximate age of the clusters. B99 is a revised ver- 
sion of the above catalogue and contains about 1808 star 
clusters for which the position and extent are tabulated. 
P99 present photometric data of 745 star clusters and their 
nearby field, of which 126 are new findings. PU2000 esti- 
mate the ages for 600 star clusters presented in the P99 
catalogue. The catalogues in B99 and P99 were used to 
identify the clusters, while B96 and PU2000 were used to 
estimate the ages of the identified star clusters. 

Clusters have been identified within 30 arcmin of the 
novae using B99. 345 clusters have been identified near 24 
novae. Of these, the age estimates for 140 clusters could be 
obtained from PU2000 and B96. B96 gives the age of the 
cluster in terms of groups. As the interest is in the overall 
age of the underlying population rather than the ages of 
the individual clusters, age groups give a better insight. 
Therefore, even those clusters whose exact ages are known 
are also grouped. The number of clusters detected near 
each nova, the number for which the age is known and the 
number of clusters in various age groups are tabulated in 
Table 2. The clusters are grouped into the following five 
age groups: 



(a) clusters with ages logr < 7.5, indicating clusters of 
very young age 

(b) clusters with ages 7.5 < logr < 8.0, indicating clus- 
ters which are relatively young. 

(c) clusters with ages 8.0 < logr < 8.5, equal to 8.0 and 
less than 8.5, indicating a group of moderately young 
clusters. 

(d) clusters with ages 8.5 < logr < 9.0, 

(e) clusters with ages logr > 9.0, indicative intermediate 
population. 

Field stars within a radius of a few arcmin, upto a max- 
imum of 10 arcmin (134 pc) around the nova are analysed 
to study the star formation history, while clusters within 
30 arcmin 400 pc) radius are considered. A larger ra- 
dius for the clusters is justified as they are being used 
to study the star formation events which took place on 
relatively larger scales. 



3.2. Results 

In this section, the location and underlying stellar pop- 
ulation around individual novae are discussed. Figures || 
- |l6| present the CMDs and the LFs for the regions dis- 
cussed. The isochrones with their corresponding ages are 
also shown in the CMDs. The isochrone fits to the CMDs 
were tried using the both the Z values, but Z = 0.008 
isochrones were found to fit the CMDs better. Hence un- 
less otherwise specified, the isochrones referred to in this 
section are for Z = 0.008. The fitting of isochrones to the 
CMDs is based on visual estimation and also there is a 
gap in the age between two consecutive isochrones. These 
two introduce some error in the estimation of the age of 
the stellar population. This error primarily depends on 
the age of the isochrone considered. The error introduced 
in the age estimate is of the order of 10%. 

Table 3 presents the number of field stars considered 
around each nova region for which data are available. 
Column 2 presents the number of stars found in the cata- 
logue and column 3 tabulates the total number of stars af- 
ter applying the incompleteness correction. Also the frac- 
tion of stars in the MS, RGB and RGC, estimated as de- 
scribed in Section 3.1.1 and applying the incompleteness 
correction, are tabulated. The CMDs show the number 
of stars presented in the catalogue, whereas the LF plots 
show the number of stars after correcting for the data in- 
completeness. The statistical error at each data point in 
the LF is estimated and is shown as error bar in the figure. 

3.2.1. Fast novae-ONeMg type 

LMC 1981 This nova is located very close to the Bar, 
slightly south-east of the Bar. It is one of the 5 novae 
clustered at this location. Spectroscopy of this nova during 
outburst indi cate it to be of the ONeMg type (Andrillat 
& Dennefeld |l983|) . 

This nova has 15 star clusters within 30 arcmin, of 
which the ages are known for 12. 58% of the clusters in 
this region have ages between 100-300 Myr, 25% between 
300 Myr and 1 Gyr. Only 8% of clusters are either younger 
than 30 Myr or older than 1 Gyr. Hence the bulk of cluster 
formation has occurred in the 100-300 Myr range with a 
tapering towards 1 Gyr. 

The field star population within 3 arcmin radius from 
the nova location is studied based on a CMD of 2472 stars. 
The CMD and the LF are plotted in Figure |. The CMD 
shows a well defined RGB, RGC and a MS. The RGB 
does not show much scatter. Isochrones corresponding to 
10 Gyr, 3.2 Gyr, 1.3 Gyr and 125 Myr are used to fit 
the CMD and estimate the ages of the stellar population. 
These isochrones are also plotted in the figure. A few stars 
belonging to the 10 Gyr population are seen in the RGB, 
as indicated by the 10 Gyr isochrone. There seems to be 
no stellar population between 10 Gyr and 3.2 Gyr. 

Isochrones of ages 3.2 Gyr and 1.3 Gyr fit the RGB and 
the RGC as well as the subgiant branch stars which con- 
nect the MS and the RGB at the fainter end of the CMD. 
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Table 2. LMC Novae: Statistics of the star clusters lying within 30 arcniin. 



Nova 


No. of clusters 


No. of clusters 




Age f 


groups 








within 30 arcmin 


with age known 


< 7.5 


7.5-8.0 8.0 


-8.5 


8.5-9.0 


> 9.0 


ONeMg Novae 


















LMC 1981 




15 


12 


1 


- 


7 


3 


1 


LMC 1988#2 




9 


8 


- 


4 


1 


2 


1 


LMC 1990#1 




17 


13 


- 


3 


3 


3 


4 


Fast Novae 


















LMC 1937 




4 














LMC 1951 




24 














LMC 1968 




4 


- 


- 


- 


- 


- 


- 


LMC 1970b 




13 


1 


- 


- 


1 


- 


- 


LMC 1977b 




3 


3 


1 


- 


2 


- 


- 


LMC 1987 




24 


19 




2 


11 


4 


2 


LMC 1992 




5 


4 


1 






2 


1 


LMC 2002 




5 






- 


- 






Moderately fast Novae 
















LMC 1936 




14 


3 






3 






LMC 1971a 




14 


1 


- 


- 


1 


- 


- 


LMC 1988a 




17 


15 


1 


1 


6 


5 


2 


Slow Novae 


















LMC 1926 




7 


- 


- 


- 


- 


- 


- 


LMC 1948 




37 


11 


- 


1 


7 


3 


- 


Speed class unknown 
















LMC 1970a 




29 


4 


- 


- 


2 


2 


- 


LMC 1971b 




10 














LMC 1972 




35 


3 


3 










LMC 1973 




17 


9 


2 


5 


2 






LMC 1978b 




8 


5 




1 


2 


2 




LMC 1995 




27 


22 




4 


11 


7 




LMC 1997 




2 


2 








2 




LMC 2000 




5 


5 






3 


1 


1 



The stars towards the left side of the 1.3 Gyr isochrone at 
the RGB belong to a younger population. The brightest 
stars in the MS are about 125 Myr old. 

The RGLF plot shows that the red giant branch is 
populated evenly with a clear RGC. The RGC seems to 
taper to the fainter magnitudes. The MSLF shows that the 
MS does not seem to have very young stars. The upper 
MS is scantily populated, with a few stars brighter than 
Mv = 0.0 mag. 

The estimated fraction of stars in the CMD reveals 
that 52.5% of the stars in this region are in the MS and 
the rest are in the red giant phase. Among the red giants, 
48.0% are found in the RGC. 



LMC 1988#2 This fast nova is located within projected 
view of the Bar, towards its north-western side. Spectra 



presented by Sekiguchi et al. (1989) indicate the nova to 
be an ONeMg type. One supernova remnant of type la 
is found to be located close to this nova (Williams et al. 
199£). 9 star clusters have been identified within 30 ar- 



cmin radius, and ages of 8 clusters are known. 50% of 



the clusters have ages in the range 30-100 Myr, 12.5% 
have ages in the range of 100-300 Myr, 25% in the range 
300 Myr-1 Gyr and 12.5% have ages beyond 1 Gyr. This 
shows that there has been a constant cluster formation, 
with a rate which doubled during the 300 Myr - 1 Gyr 
period and quadrupled during 30- 100 Myr period. 

2948 field stars located within 4 arcmin around the 
nova were identified. The CMD and the LF of the field 
stars are plotted in Figure I The CMD shows a very well 
populated MS with a fair number of young stars. The 
RGB is well populated with a slightly scattered RGC. The 
isochrones corresponding to the ages 10 Gyr, 3.2 Gyr, 1.6 
Gyr, 400 Myr and 79 Myr are shown in the CMD. The 
3.2 Gyr and 1.6 Gyr isochrones fit the bulk of the RGB 
stars. The CMD shows a population of stars directly above 
the RGC, which is like the extension of the RGC. These 
can be fitted with an isochrone of age 400 Myr. This is 
indicative of a star formation event around 400 Myr. The 
brightest stars in the MS are fitted very well with the 79 
Myr isochrone, indicating that the star formation stopped 
around 79 Myr ago. 
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Nova Observed Total MS Red MS RG Clump Clump 

stars stars stars giants fraction fraction stars fraction 



ONeMg 



LMC 1981 


2472 


2806 


1 


1473 


1 


1333 


1 





525 





475 


639 


7 





480 


LMC 1988#2 


2948 


3305 


6 


2150 


1 


1155 


4 





650 





350 


589 


6 





510 


LMC 1990#1 


5526 


9160 


9 


5283 


2 


3877 


7 





577 





423 


1510 


1 





389 


Fast 
































LMC 1977#2 


2317 


2605 


4 


1252 


6 


1352 


7 





481 





519 


605 


5 





448 


LMC 1987 


4379 


7158 


4 


3805 


1 


3353 


4 





532 





468 


1429 


5 





426 


LMC 1992 


2165 


3550 


6 


1941 


8 


1608 


8 





547 





453 


712 


9 





443 


Moderately fast 
































LMC 1936 


2157 


2497 


2 


1606 


1 


891 








643 





357 


466 


4 





523 


LMC 1988#1 


3618 


4072 





2319 


8 


1752 


2 





570 





430 


915 


8 





523 


Slow 
































LMC 1948 


2762 


3115 


5 


1681 


4 


1434 


1 





540 





460 


469 


1 





327 


Speed class unknown 






























LMC 1970#1 


3693 


4176 


2 


2034 


3 


2141 


9 





487 





513 


1045 


8 





488 


LMC 1973 


6739 


10977 


6 


5984 


3 


4993 


3 





545 





455 


2233 








447 


LMC 1978#2 


2160 


2494 


9 


1540 


6 


954 


3 





618 





382 


467 


5 





490 


LMC 1995 


1797 


2972 


2 


1754 





1218 


3 





590 





410 


523 


9 





430 


LMC 1997 


3514 


4090 


9 


2442 


6 


1648 


3 





597 





403 


869 


8 





528 


LMC 2000 


4054 


6741 


1 


3771 


4 


2969 


7 





559 





441 


1274 


6 





429 



The RGLF plot shows a well populated RGB with a 
sharp and strong RGC. The RGB is seen to have a re- 
cessing peak towards the fainter magnitudes. The MS is 
well populated starting from My — —2.0 mag and rises 
gradually beyond My = 0.0 mag. 

This region contains 65.0% of stars in the MS and only 
35.0% stars in the red giants. Among the red giants, 51.0% 
of stars are located in the RGC. The relatively high per- 
centage of stars in the MS and the detached MS and RGB 
at the fainter end of the CMD show that the stars in the 
MS are predominantly young. 

LMC 1990#1 This ONeMg nova is located in the cen- 
tral region of the projected view of the Bar, but closer to 
the southern edge. We find that the stellar density in this 
region is very high. Abundance analyses of the outburst 
spectra (Vanlandingham et al. 1999) indicate the abun- 
dances in the nova material are enhanced in a manner 
similar to that seen in the Galactic ONeMg novae. 

Seventeen clusters are found in the vicinity, of which 
the ages are known for 13 clusters. Cluster formation in 
this region appears to be at a more or less constant rate 
until 30 Myr. 31% of clusters are with ages more than 1 
Gyr, and 23% of clusters in the lower age ranges. Hence 
the cluster formation rate was lowered around 1 Gyr, after 
an initial higher rate. 

The CMD of 5526 field stars within a region of 2 ar- 
cmin around the nova are plotted in the left panel of 
Figure |. The RGB, RGC and the MS are well popu- 
lated. The isochrones corresponding to the ages 10 Gyr, 



4 Gyr, 2.5 Gyr, 1 Gyr, 630 Myr, 400 Myr, 251 Myr and 
40 Myr are plotted on the CMD. A few stars are found to 
belong to the 10 Gyr population, while most of the RGB 
stars are located between the isochrones of ages 4 Gyr and 
250 Myr. The isochrone fit to the MS of the CMD shows 
that the brightest MS stars are 40 Myr old. Both the field 
stars and the clusters in this region indicate a constant 
star formation in this region till 30-40 Myr ago. 

The RGLF shows that the RGC is less peaked and rel- 
atively broader. Also to be noticed are the wings on both 
sides of the RGC peak in the RGLF. The MSLF is very 
smooth. The MS contains 57.7% and RGB has 42.3% of 
stars. The shallower peak of the RGC is refiected in the 
fact that the RGC has only 38.9% of the total number of 
red giants. All the above support the suggestion that this 
region experienced a more or less continuous star forma- 
tion for a longer duration. This result is consistent with 
that of Ardeberg et al. (1997) who find a continuous star 
formation history in the central region of the Bar. 

3.2.2. Fast novae-others 

LMC 1935 This fast nova (ig = 25 d) is located about 11° 
west of the Bar, in a region devoid of any other novae. 
No clusters are found near this nova and also no field star 
data are available. 

LMC 1937 This nova is located to the east of the 30 Dor 
region. Photographic magnitude estimates (Buscombe & 
de Vaucouleurs 1955) indicate the nova had a decline rate 
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Fig. 2. Left panel: the CMD of 2472 stars within 3 arcmin from LMC 1981. The isochrones fitted to the CMD, with 
the corresponding value of log(age) indicated, are also plotted. Right panel: LF of the MS (dotted line) and the red 
giants (solid line). The error bars indicate the statistical error in the data. 
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Fig. 3. Left panel: the CMD of 2948 stars within 4 arcmin from LMC 1988#2. The isochrones fitted to the CMD, 
with the corresponding value of log(age) indicated, are also plotted. Right panel: LF of the MS (dotted line) and the 
red giants (solid line). The error bars indicate the statistical error in the data. 



of ~ 20 days. There are four star clusters found in the 
vicinity of this nova. However, the ages of these clusters 
are not known. No field star data are available in the nova 
region. 



LMC 1951 This extremely fast nova {t^ = 6.3 d) is located 
south of the Bar. There are 24 star clusters detected near 
this nova, but the ages of these clusters are not available. 
The large number of star clusters near this nova implies 
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Fig. 4. Left panel: the CMD of 5526 stars within 2 arcmin from LMC 1990#1. The isochrones fitted to the CMD, 
with the corresponding value of log(age) indicated, are also plotted. Right panel: LF of the MS (dotted line) and the 
red giants (solid line). The error bars indicate the statistical error in the data. 



it is located in a region where cluster formation has been 
active. 



LMC 1968/1990 #2 Th is is a recurr ent no va of USco type 
(Sekiguchi ct al. 1990; Shore et al. 1991 )and is located 
about 150 arcmin south of the Bar. Recurrent novae of the 
U Sco type have been identified as systems which could 
be evolving towar ds su pernovae of typ e la (e .g. Starrfield, 
Sparks & Truran |l985|, Hachisu et al. |2000|). There are 4 



star clusters located near this nova, but their age estimates 
are unavailable. 



LMC 1970#2 This nova is one among the 5 novae clus- 
tered at the south-east end of the Bar. There is only one 
star cluster near this nova and the age estimate is not 
available. 



LMC 1977#2 This nova is located to the south of the 
Bar, and also very close to LMC 1991, which is also a 
fast nova. Spectroscopic development during outburst was 
similar to Galactic novae (Canterna & Thompson 1981). 
There are only three star clusters near the nova. One clus- 
ter is younger than 30 Myr and two clusters are in the 
range 100-300 Myr. The fact that only three clusters are 
found in the neighbourhood indicates that this region may 
not have experienced high rates of cluster formation. 

The CMD of 2317 nearby field stars is plotted in 
Figure ^. It may be noted here that the field being consid- 
ered is not centered around the nova, but is within 10 
arcmin of the nova. Most of the RGB stars are popu- 



lated in the age range 4 Gyr to 1 Gyr, with a few be- 
longing to the 10 Gyr population. The MS and the RGB 
are well disconnected even at fainter magnitudes. The MS 
is well populated and wide upto My = — 1.0 mag, above 
which, only a few bright stars are seen. These indicate a 
300 Myr old population as estimated by the isochrone fit. 
The isochrone fit to the brightest stars in the MS indicates 
these stars are 40 Myr old. 

The RGC is found to have a sub clump towards the 
fainter end. This feature is more clearly seen in the RGLF 
plot, which is indicated by a second peak. 

This region has lesser fraction of stars in the MS, with 
48.1% of stars in the MS and the rest 51.9% in the RGB. 
In fact, this is one of the two regions, where the percent- 
age of stars in MS is less than that in the RGB. The RGC 
contains 44.8% of the stars in the RGB. It appears that 
this region had a continuous star formation between 4.0- 
1 Gyr ago, with most of the stars probably having ages 
closer to the lower age limit, and this did not result in the 
formation of star clusters. Another event of star formation 
took place around 300 Myr, resulting in the formation of 
the two clusters, along with some of the field stars. Then, 
later, around 30-40 Myr, there was another star forma- 
tion, which managed to form one cluster. It is suggested 
that the lesser fraction of stars in the MS is due to a com- 
bination of (a) a major fraction of stars being formed in 
the star formation event before ~ 1 Gyr and (b) absence 
of star formation between 1 Gyr and 300 Myr. 



LMC 1978#1 This extremely fast nova (ts - 8 d) is lo- 
cated north of the Bar. In fact, this is the northern most 
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Fig. 5. Left panel: the CMD of 2317 stars from a nearby region within 10 arcmin from nova LMC 1977#2. The 
isochrones fitted to the CMD, with the corresponding value of log(age) indicated, are also plotted. Right panel: LF of 
the MS (dotted line) and the red giants (solid line). The error bars in the figure indicate the statistical error in the 
data. 



nova found in the LMC. No star clusters are found near 
this nova. 



LMC 1987 This extremely fast nova is located just below 
the Bar, in a region that has produced two more novae; 
LMC 1995 and LMC 2000. There are 24 star clusters in the 
vicinity and ages are known for 19 of them. This indicates 
that this region had active cluster formation. The maxi- 
mum number of star clusters were formed during the pe- 
riod 100-300 Myr, when 58% of the clusters were formed. 
21% of clusters were formed during the 300 Myr-1 Gyr 
period, 10% formed during the 30-100 Myr period and 
the rest during the period before 1 Gyr. It appears that 
this region has been forming clusters from the beginning, 
with an increase in the rate within the last 1 Gyr, which 
increased further between 300-100 Myr. Subsequently the 
rate appears to have reduced and stopped by 30 Myr. This 
in effect implies a continuous cluster formation till 30 Myr. 

The CMD and LF of stars within 2 arcmin radius of 
the nova are plotted in Figure ^. The isochrone fit reveals 
that the the stars in the RGB have ages in the range 1.3- 
3.2 Gyr. Very few stars belonging to the age of 10 Gyr is 
seen in the CMD. The broad MS below My = 0.0 mag 
indicates a continued star formation from about 1.3 Gyr 
to lesser ages, probably till 300 Myr. The brightest part 
of the MS is found to be 63 Myr old. There are a few 
bright red giants, which appear to be slightly older than 
63 Myr. The cluster formation and star formation appear 
to be well correlated in this region. 



The RGLF shows that the RGB is well populated, in- 
dicating the presence of bright red giants. The RGC has a 
slanting peak. Amongst the total number of stars, 53.2% 
are in the MS and the rest 46.8% in the RGB. Further, 
42.6% of the stars in the RGB are found in the RGC. 



LMC 1991 This extremely fast nova is located to the south 
of another fast nova, LMC 1977#2. LMC 1991 was de- 
tected as a super bright nova with very low metallicity 
in the ejected material (Delia Valle 1991, Schwarz et al. 
pool ). There are 3 very young star clusters within 10 ar- 
cmin radius from the nova location. 



LMC 1992 This fast nova is also located in the Bar region. 
One type la supernova remnant is located close to the 
nova. There are five star clusters located near the nova 
and ages of four have been estimated. One cluster is with 
age less than 30 Myr. Two clusters are in the age range 
300 Myr - 1 Gyr and one cluster is older than 1 Gyr. The 
ages and numbers of the clusters indicate that this region 
did not experience much cluster formation. The presence 
of the young cluster indicates that there has been a recent 
episode of cluster formation. 

The CMD and LF of 2165 stars located within 4 arcmin 
of the nova, as shown in Figure ^ The CMD indicates 
an absence of stars belonging to the old population. The 
reddest stars in the RGB have an age of 2.5 Gyr, as seen 
from the isochrone fit. The star formation in this region 
seems to have continued till about 500 Myr, as indicated 
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Fig. 6. Left panel: the CMD of 4379 stars within 2 arcmin from LMC 1987. The isochrones fitted to the CMD, with 
the corresponding value of log(age) indicated, are also plotted. Right panel: LF of the MS (dotted line) and the red 
giants (solid line). The error bars indicate the statistical error in the data. 




Fig. 7. Left panel: the CMD of 2165 stars within 4 arcmin from LMC 1992. The isochrones fitted to the CMD, with 
the corresponding value of log(age) indicated, are also plotted. Right panel: LF of the MS (dotted line) and the red 
giants (solid line). The error bars indicate the statistical error in the data. 

by the corresponding isochrone fit and the broad MS below star formation history presented by the field stars is very 
this isochrone. The MS is not so well populated in the similar to the cluster formation history, except that no 
brighter end. The isochrone fit indicates that the brightest counter part for the youngest star cluster is seen, 
stars are 63 Myr old. There is no evidence for a strong 

population between the ages 500 Myr and 63 Myr. The ^he RGLF shows a clear RGC with a flat peak. The 

RGC profile tapers towards the fainter magnitudes. The 
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MSLF shows that there are very httle stars brighter than 
= — 1.0 mag and the LF rises after that. 54.7% of stars 
are located in the MS, and the rest 45.3% are in the RGB. 
The RGC has 44.3% of the RGB stars. Star formation 
appears to have started a little later in this region. This 
region appears to be dominated by intermediate age stars 
and stars aged around 500 Myr. 



LMC 1971#1 This nova is located to the west of the Bar 
and just outside the Bar. There are 14 star clusters found 
near the nova, of which the age of only one cluster is 
known. The age of the cluster falls in the 100-300 Myr 
range. This region has undergone a fair amount of cluster 
formation, similar to LMC 1936. No field star data are 
available for this region. 



LMC 2002 This nova was discovered by Liller (g002|) 
on 3.1 March 2002, at a photographic magnitude of 

TO, 



10.5. A low dispersion spectrum showed strong 
Ha and H/3 emission lines confirming its identification as a 



pg 



nova. Subsequent photometry (Kilmartin & Gilmore 2002; 
Gilmore p002 ) indicate a decline rate of ~ 0.13 mag/day 
(^3 ^ 23 days), placing this nova amongst the fast cate- 
gory. Five star clusters are found near this nova, but age 
estimates for none of these clusters are available. Also, no 
field star data are available. 



3.2.3. Moderately fast novae 

LMC 1936 This nova is located to the north, about 75 ar- 
cmin from the Bar. There are 14 star clusters found near 
the nova, of which ages are available only for 3. All three 
star clusters have ages in the range 100-300 Myr. The 
high number of star clusters indicates that cluster forma- 
tion has been quite active in this region. 

The CMD of the 2157 stars belonging to the nearby 
region, 10 arcmin away from the nova, is presented in 
Figure § The CMD shows that the RGB is not very 
well populated. The 2.0 Gyr, 1 Gyr, 300 Myr and 63 Myr 
isochrone fits to the CMD are shown in the figure. Stars 
belonging to the old population are not found in the CMD. 
Also the reddest stars in the RGB are only 2.0 Gyr old, as 
indicated by the isochrone fit. li Z = 0.004 isochrones are 
used, then the reddest stars in the CMD are found to be 
3.2 Gyr old. As we do not have an independent estimate 
of the metallicity and there is no indication of reduced 
metallicity in this region, the Z = 0.008 isochrones are 
adopted and the age of the oldest stars is estimated to be 
2.0 Gyr. 

The MS and the RGB are well separated at the fainter 
levels and also show that the RGB is very meagerly pop- 
ulated while the MS is well populated. The MS shows 
a sudden decrease in the number of stars brighter than 
My = —1.0 mag. This indicates another star formation 
event, and the isochrone fit shows that this happened 300 
Myr ago. This coincides with the formation of the star 
clusters around this region. The brightest part of the MS 
is estimated to have an age of 63 Myr. 

The RGLF plot shows that the RGC has a ramping 
region on both sides of the peak. The RGC contains 52.3% 
of stars in the RGB. This region also has a high population 
of MS stars (64.3%) when compared to the RGB stars, 
similar to the region surrounding LMC 1988#2. 



LMC 1988#1 This nova is located at the south-east edge 
of the Bar and is one of the five clustered novae found in 
that location. The UV, optical and infrared outburst data 
indicate this nova to be a CO, optically thin dust-forming 
nova (Schwarz et al. 199S). There are 17 star clusters de- 
tected near the nova and ages are known for 15 of them. 
Forty percent of the clusters have ages in the range 100- 
300 Myr, 33.3% of clusters have ages in the range 300 
Myr-1 Gyr, 13.3% clusters are older then 1 Gyr. This 
region thus appears to have experienced a 2.5 times en- 
hancement in the formation of clusters, between 300 Myr - 
1 Gyr, and increased a little more around 300 Myr and 
continued till 100 Myr. In the last 100 Myr, this region 
has formed 1 cluster older than 30 Myr and one cluster 
younger than 30 Myr. Hence there has been a continuous 
formation of clusters with varying rates. 

The CMD of 3618 field stars within a radius of 2 ar- 
cmin from the nova is shown in Figure ^. A broad RGB, a 
prominent clump and the presence of a few bright giants 
are seen in the evolved part of the CMD. Isochrone fit to 
the right most end of the RGB indicates that the oldest 
stars are 2.5 Gyr old. The stars belonging to a population 
older than 2.5 Gyr is not found. At the fainter of the CMD, 
the MS and the RGB are not well separated, but joined 
together due to the presence of subgiants. The MS is wide 
upto My = 0.5 mag corresponding to the turnoff point 
of the 1 Gyr isochrone. The width of the MS decreases 
at brighter magnitudes, indicating a probable decrease in 
the star formation. The isochrone of age 300 Myr shows 
that the star formation probably continued until then. The 
vertical extension of the RGC, as seen in the CMD also 
indicates that stars younger than 1 Gyr, in the range 500 
Myr - 1 Gyr, are present. The brightest part of the CMD 
is found to be 100 Myr old. There is no indication of the 
presence of stars younger than 100 Myr. 

The RGLF indicates some excess stars at the bright 
end of the RGB, which is a combined effect of the old red 
giants and the bright and young red giants. The RGC is 
seen to have a broad wing on the brighter side, probably 
due to the contribution of stars around 1 Gyr and younger. 
The MSLF shows an evenly populated MS which rises 
gradually. 

The MS has 57.0% of stars and the rest 43.0% of stars 
are in RGB. The RGC has 52.3% of the RGB stars. It is 
striking to note that the regions around both the moder- 
ately fast novae have the same fraction of RGB stars in 
the RGC. The fairly high percent of stars in the MS indi- 
cates active star formation in the last few hundred million 
years. The star clusters and the field stars present a more 
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Fig. 8. Left panel: the CMD of 2157 stars from a nearby region within 10 arcmin from nova LMC 1936. The isochrones 
fitted to the CMD, with the corresponding value of log(age) indicated, are also plotted. Right panel: LF of the MS 
(dotted line) and the red giants (solid line). The error bars show the statistical error in the data. 




Fig. 9. Left panel: the CMD of 3618 stars within 2 arcmin from LMC 1988#1. The isochrones fitted to the CMD, 
with the corresponding value of log(age) indicated, are also plotted. Right panel: LF of the MS (dotted line) and the 
red giants (solid line). The error bars indicate the statistical error in the data. 



or less similar star formation history until the last 100 
Myr. However, while there are no field stars younger than 
100 Myr, one star cluster younger than 100 Myr is found 
in this region. 



3.2.4. Slow novae 

LMC 1926 This nova is located to the north of the Bar and 
to the east of the moderately fast LMC 1936. A supernova 
remnant of type la has been detected about half a degree 
south of the nova. There are 7 star clusters found in the 
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vicinity of the nova, but ages of none of the clusters are 
known. 

LMC 1948 This is the only slow nova found near the Bar 
region. This nova also belongs to the cluster of novae near 
the south-east edge of the Bar. 37 star clusters are found in 
the vicinity of the nova, of which ages are known for 11 of 
them. None of the clusters are found with age more than 
1 Gyr. 27% are within the age range 300 Myr-1 Gyr, 
63.6% are in the age range 100-300 Myr and 9% have 
ages less than 100 Myr, but more than 30 Myr. Hence 
the cluster forming activity peaked during 100-300 Myr, 
with clusters forming with lesser efficiencies on both sides 
of this age range. 

The CMD of 2762 field stars within a radius of 2 ar- 
cmin from the nova is shown in Figure ^ It appears 
that this region has a higher reddening, and a value of 
E(y - /) = 0.25 mag is adopted. The resuhant CMD in- 
dicates that the RGB and the RGC are wide, which could 
be due to differential reddening in the region. However, a 
close look at the width of the MS indicates that it is not 
too different from the other regions studied in this work. 
It thus appears that the differential reddening is not too 
large and the width of the RGB and the RGG is real. 
Extremely red stars are seen in the RGB, indicative of 
the presence of very old stars. It is found that a 10 Gyr 
isochrone fits most of the red stars. It is also likely that 
stars older than 10 Gyr could be present in this region. 
The isochrones shown in the CMD are 10 Gyr, 6.3 Gyr, 
4 Gyr, 1 Gyr, 630 Myr, 160 Myr and 100 Myr. It can 
be seen that the RGB population has the widest range of 
ages, from 10 Gyr to 630 Myr. Also, the RGB stars are 
evenly populated within this age range, with the 4 Gyr 
isochrone falling midway. A simple, visual estimate indi- 
cates that approximately half the RGB population is older 
than 4 Gyr. At the fainter end of the CMD, the RGB and 
the MS are fairly separated with the MS well populated, 
while the RGB is scantily populated. At around 630 Myr, 
a turn-off near the MS is seen, indicating a star forma- 
tion event, which could have resulted in the formation of 
a few star clusters. Star formation might have continued 
further. A well populated MS as seen in the CMD also 
indicates the same. The brightest stars in the CMD are 
found to be 100 Myr old. The bright red giants are found 
to be 160 Myr old. 

The RGLF profile in this region is quite interesting. It 
shows a very flat RGG, quite unlike the RGG seen in the 
other regions. The prominent peak of the RGC, which is 
seen in the other regions is missing, indicating a marked 
difference in the star formation history, for ages beyond 
1 Gyr. The RGLF rises initially showing the presence of 
a good number of bright red giants. Another important 
point to be noted is that at the fainter end of the RGG 
profile, which is a contribution from older stars, the frac- 
tion of stars is relatively higher. 

The MS has 54.0% of the stars and RGB has 46.0% 
of the total stars found in this region. Also, the RGC has 



only 32.7% of the stars in the RGB. This value is very 
small compared to the other regions. This indicates that 
the star formation occurred in a continuous fashion for a 
duration much longer than in other regions. 

A point of particular interest to note is the significant 
presence of an old star population, up to an age of about 
10 Gyr. This population is absent in the regions of other 
novae in the Bar region. This point is of particular signif- 
icance as LMC 1948 is the only slow nova in this region. 
All other novae detected near the Bar region are either 
fast or moderately fast. 

3.2.5. Others 

The stellar population around the locations of novae for 
which the speed class is not available are discussed in this 
section. 

LMC 1970#1 This nova is located near the south-east 
edge of the Bar. This is one among the five novae clus- 
tered in this region. 29 star clusters are found around this 
nova, of which ages are known for only 4 novae. Two clus- 
ters are in the age range 100-300 Myr and the other two 
in the 300- 1 Gyr range. The large number of clusters in- 
dicate that there has been a significant amount of cluster 
formation in this region. 

The CMD of 3693 stars within a radius of 5 arcmin 
of the nova is shown in Figure ^ Isochrones of ages 3.2 
Gyr, 1.6 Gyr and 1 Gyr are fitted to the RGB. There 
is no clear signature of stellar population older than 3.2 
Gyr. This star formation continued till about 1 Gyr, as 
implied by the reduction in the width of the MS above the 
1 Gyr isochrone. The wider part of the MS at My = — 1.0 
and the bright red giants indicate that the star formation 
continued, probably till 315 Myr. The brightest stars in 
the CMD are found to be 100 Myr old. 

The RGC is a narrow and tall peak, indicative of a 
strong star formation event. The MSLF shows that the 
profile rises slowly. This region is one of the two regions, 
other than the region around LMC 1977#2, with lesser 
fraction of stars in the MS, than in the RGB. This region 
has 48.7% stars in the MS. The RGC has 48.8% of the 
stars in the RGB. 

LMC 1971#2 This nova is located to the north of the Bar 
and 30 Dor. This is an isolated nova, away from the region 
where most novae are detected. There are 10 star clusters 
near the nova and the ages are not known for any cluster. 
No field star data are available. 

LMC 1972 This nova is located very close to the projected 
location of the Bar, towards the north. There are 35 star 
clusters around the nova. Ages of three clusters are known 
and they are all younger than 30 Myr. The large number 
of clusters and the presence of very young clusters indicate 
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Fig. 10. Left panel: the CMD of 2762 stars within 2 arcmin from LMC 1948. The isochrones fitted to the CMD, with 
the corresponding value of log(age) indicated, are also plotted. Right panel: LF of the MS (dotted line) and the red 
giants (solid line). The error bars indicate the statistical error in the data. 




Fig. 11. Left panel: the CMD of 3693 stars within 5 arcmin from LMC 1970#1. The isochrones fitted to the CMD, 
with the corresponding value of log(age) indicated, are also plotted. Right panel: LF of the MS (dotted line) and the 
red giants (solid line). The error bars indicate the statistical error in the data. 



that the cluster formation has been very vigorous in this 
region. Field star data are not available for this region. 

LMC 1973 This nova is located very close to the Bar re- 
gion, on its southern side. There are 17 star clusters near 



this nova, of which ages are known for 9 star clusters. 
55.6% of the clusters have ages in the range 30-100 Myr. 
22.2% of star clusters have ages less than 30 Myr and 
22.2% have ages between 100-300 Myr. From the cluster 
data it is seen that this region had an active cluster for- 
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Fig. 12. Left panel: the CMD of 6739 stars within 3 arcmin from LMC 1973. The isochrones fitted to the CMD, with 
the corresponding value of log(age) indicated, are also plotted. Right panel: LF of the MS (dotted line) and the red 
giants (solid line). The error bars indicate the statistical error in the data. 



mation event in the recent past, that is 30- 100 Myr, with 
a little subsided activity before and after that. As there 
are 17 clusters, it is more or less clear that this region has 
had strong cluster formation episodes. 

The CMD of 6739 field stars which lie within a radius 
of 3 arcmin from the nova is shown in Figure |l^. The 
isochrones of ages 4 Gyr, 800 Myr and 63 Myr are shown 
in the CMD. The merged MS and RGB at the fainter end 
of the CMD shows that the star formation was more or less 
continuous between 4 Gyr and 800 Myr. The CMD indi- 
cates this region has a small fraction of an old population 
of around 10 Gyr. Subsequently, perhaps around 4 Gyr, 
star formation started vigorously and continued till 800 
Myr, following which, until 63 Myr back, star formation 
occurred in a more subdued manner. 

The RGLF shows a smooth curve for the RGB and 
a not so narrow peak for the RGC. The smoothly ris- 
ing RGB profile indicates that star formation has been 
more or less continuous. The MS is also a gradually rising 
smooth profile. This region has 54.5% of stars in the MS 
and RGC has 44.7% of the RGB stars. 

LMC 1977#1 This nova is located about 5° north-cast of 
the Bar and is the eastern most nova detected in the LMC. 
The fast nova LMC 1937 is located to its south-west. No 
clusters are detected near this nova. Also, no field star 
data are available for this region. 

LMC 1978#2 This nova is located at the north of the 
western edge of the Bar. There are 8 star clusters found 



near this nova and ages are known for 5 of them. The age 
ranges 100-300 Myr and 300 Myr- 1 Gyr are found to 
have two clusters each. One cluster is found within the 
age range 30-100 Myr. This shows that there has been 
continuous formation of clusters, probably in a subdued 
manner. 

The CMD and LF of a region close to the nova, within 
5 arcmin is shown in Figure 13. The CMD is charac- 
terised by a very a prominent RGC and a vertical ex- 
tension of the RGC. Also, the MS and the RGB are well 
separated, except for some identifiable subgiant branches. 
The isochrone fits reveal that the oldest stars in this re- 
gion are 2.5 Gyr and are scantily populated. The wide MS 
near to My = 1.0 mag probably belongs to 1.3 Gyr old 
population. This isochrone also fits most of the red giants. 
The 1.0 Gyr isochrone fits the RGC quite well. Isochrones 
with log(r) = 8.5, 8.6, 8.7 are seen to fit the vertical ex- 
tension of the RGC. Some bright stars are seen at the top 
of the MS, whose ages are estimated as 63 Myr. 

The RGLF shows that the RGB presents a gradually 
rising curve with a strong and narrowly peaked RGC. The 
RGB has a good number of bright stars, which are the 
vertical extension of the RGC. 

This region has a significantly high fraction of stars 
(61.8%) in the MS. The RGC has 49.0% of stars found in 
the RGB. The star formation which started at 2.5 Gyr, 
continued till 1.0 Gyr. Another star formation event has 
occurred at about 400 Myr, which produced four star clus- 
ters. 



Subramaniam & Anupama: Stellar Population of Novae Regions in the LMC 



17 




200 



150 - 



100 - 



(V-I)o 




Fig. 13. Left panel: the CMD of 2160 stars from a nearby region within 5 arcmin from nova LMC 1978#2. The 
isochrones fitted to the CMD, with the corresponding value of log(age) indicated, are also plotted. Right panel: LF of 
the MS (dotted line) and the red giants (solid line). The error bars indicate the statistical error in the data. 
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Fig. 14. Left panel: the CMD of 1797 stars within 3 arcmin from LMC 1995. The isochrones fitted to the CMD, with 
the corresponding value of log(age) indicated, are also plotted. Right panel: LF of the MS (dotted line) and the red 
giants (solid line). The error bars indicate the statistical error in the data. 



LMC 1995 This nova is located at the southern edge of 
the Bar region. This nova has been detected as a super- 
soft X-ray sourc e with a 1.2 Mq CO white dwarf (Orio 
& Greiner 1999 ). 27 star clusters are found in the vicin- 
ity of the nova, of which the ages are known for 22. 18% 



of the clusters have ages within 30 - 100 Myr, 50% have 
ages between 100-300 Myr and 32% have ages between 
300 Myr - 1 Gyr. This indicates that there was a burst of 
cluster formation some time during 100-300 Myr with a 
tapering cluster formation before and after this burst. 
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The CMD of 1797 stars within a radius of 3 arcmin of 
the nova is shown in Figure The isochrone fits reveal 
that the oldest traceable population is about 4.0 Gyr. The 
star formation then continued to about 1.3 Gyr. This is 
indicated by the fit of the isochrone to the subgiant branch 
location and the red giants of the RGB. A few stars can 
be seen to the left of the 1.3 Gyr isochrone at the RGB, 
which indicates that the star formation continued until 
more recent times. There is a clear signature of the 300 
Myr old population as indicated by the isochrone. The 
brightest stars in the MS are 100 Myr old. 

The RGLF shows that the RGB has a bumpy profile. 
The RGC profile shows that there are two clumps, the 
brighter clump belonging to a younger population and the 
fainter one to a population older than that. The MSLF 
also shows a bumpy profile. This region has 59.0% of stars 
in the MS and the RGC has 43.0% of stars in the RGB. 



ranges 300 Myr-1 Gyr; 1 Gyr and beyond respectively. 
Three clusters have ages within 100-300 Myr. 

The CMD of 4054 stars within a radius of 3 arcmin 
from the nova is show in figure m. The CMD shows a well 
populated RGB, MS and a prominent RGC. The CMD 
does not show any trace of an old population. The star 
formation probably started at about 3.2 Gyr, as seen by 
the isochrone fit to the CMD. It continued till 800 Myr, 
as seen by the isochrones of ages 1.3 Gyr and 800 Myr. 
The star formation then stopped or continued at very low 
rates till 100 Myr ago. The MS between the 800 Myr and 
100 Myr turn-offs is only scantily populated indicating a 
low star formation rate. 

The RGLF shows a slowly rising profile, with a rela- 
tively sharp RGC profile. MSLF is seen to be a smooth 
profile. The MS contains 55.9% of total number of stars in 
the region and the rest are in the RGB. The RGC contains 
42.9% of stars in the RGB. 



LMC 1997 This nova is located to the north of the Bar and 
slightly away from it. There are two star clusters found 
near this nova. Both clusters have an age between 300 
Myr-1 Gyr. The fact that there are only two star clusters 
in the vicinity indicates that the cluster formation has 
been very poor. 

The CMD of 3514 stars from a nearby field within 8 
arcmin of the nova is shown in Figure The isochrone 
fit to the right most part of the RGB shows that some 
stars belonging to about 15 Gyr is present. The fit of the 
isochrone of age logr — 10.2 is shown in the CMD. The 
RGB is not populated with stars in the age range 15 and 
3.2 Gyr. Subsequent to 3.2 Gyr, star formation seems to 
have been continuous for a long time, as indicated by the 
broad RGB, broad MS, subgiant branches and the broad 
and prominent RGC. The isochrones shown in the figure 
are for ages 15 Gyr, 3.2 Gyr, 1.3 Gyr and 800 Myr. The 
presence of stars on to the left of the 800 Myr isochrone 
at the RGB is indicative of continued star formation to 
more recent times. The well populated MS also supports 
this. The brightest part of the CMD has stars of age 100 
Myr. The most luminous red giants also seem to belong 
to this population. 

The RGLF shows that the brighter end of the RGB 
is very well populated. The RGC profile shows a tapering 
towards brighter magnitudes, and the profile itself is fairly 
broad and well peaked. The MSLF shows a bumpy profile. 

This region has 59.7% of stars in the MS and the rest 
40.3% stars in the RGB. The RGC has 52.8% of the stars 
in the RGB. This high value indicates that star formation 
was high in the 3.2 Gyr -800 Myr period. The star for- 
mation appears to have continued until 100 Myr, albeit a 
lesser vigour. This region has some trace of the very old 
population of the LMC. 

LMC 2000 This nova is located a to the south of the Bar. 
There are 5 star clusters found near this nova. All the 
five have age estimates, with one cluster each in the age 



4. Discussion 

4.1. Distribution and population of novae in the LMC 

A stu dy of the distribution of novae by van den Bergh 
( 1988 ) showed that the nova population followed the old 
disk population. Further, van den Bergh did not find any 
nova in the Bar region and concluded the Bar in the LMC 
to be a recent phenomena. Subsequent to van den Bergh's 
study, 10 novae have been detected. The projected loca- 
tions show that, among these ten, four are in the Bar and 
four are very close to the Bar. This shows that the popula- 
tion responsible for producing novae may also be present 
in the Bar region. 

The LMC seems to have a high population of fast no- 
vae, 72.2% of the novae with known speed classes a re fas t 
novae. The slow n ovae arc only 11.1%. Duerbeck (1990), 
Delia Valle et al. (1992) and Yungelson, Livio & Tutukov 
(1997) have shown the existence of two nova populations 
in the Galaxy and M31: fast, bright disk novae and slow, 
faint bulge novae. The disk novae probably belong to a 
relatively younger parent population having higher white 
dwarf masses. The larger population of fast novae implies 
a predominantly disk population in the LMC. This is con- 
sistent with the fact that in the LMC the old halo popu- 
lation is a minority population, whereas the intermediate 
age population of a few Gyr is the dominant population. 

The locations covered by the fast and the moderately 
fast novae are indicative of the extension of the LMC disk. 
It is of interest to note that both the identified slow novae 
are located within the regions of fast novae. The recur- 
rent nova is also seen to be located not very far from the 
location of other novae. 



4.2. Star formation history 

The star formation history of nearby regions around 15 
novae are studied here. The results derived in the previous 
section are presented in Table 4. 
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Fig. 15. Left panel: the CMD of 3514 stars from a nearby region within 8 arcmin from the nova LMC 1997. The 
isochrones fitted to the CMD, with the corresponding value of log(age) indicated, are also plotted. Right panel: LF of 
the MS (dotted line) and the red giants (solid line). The error bars indicate the statistical error in the data. 
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Fig. 16. Left panel: the CMD of 4054 stars within 3 arcmin from LMC 2000. The isochrones fitted to the CMD, with 
the corresponding value of log(age) indicated, are also plotted. Right panel: LF of the MS (dotted line) and the red 
giants (solid line). The error bars indicate the statistical error in the data. 



Traces of stellar population belonging to the old pop- 
ulation of the LMC is found in 8 regions. In the remaining 
7 regions, no old population is found. This indicates a low 
density of the old population in these regions. 



It can be seen from table 4 that the intermediate age 
population seems to be in the age range 4.0 - 1.0 Gyr, with 
minor variations depending on the region. No detectable 
population is seen between 4.0-10.0 Gyr, except in one 
region, around LMC 1948. 
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Table 4. LMC Novae: Age estimates of the neighbourhood steUar population 



Nova old stellar intermediate moderately young 

population population young 

(Gyr) (Gyr) (Myr) (Myr) 

ONeMg Novae 

LMC 1981 10 3.2-1.3 - 125 

LMC 1988#2 10 3.2-1.6 400 79 

LMC 1990#1 10 4.0 Gyr -250 Myr 40 

Fast 

LMC 1977#2 10 4.0-1.0 300 40 

LMC 1987 10 3.2-1.3 300 63 

LMC 1992 - 2.5-1.3 500 63 

Moderately Fast 

LMC 1936 - 2.0-1.0 300 63 

LMC 1988#1 - 2.5-1.0 300 100 

Slow 

LMC 1948 10 Gyr -630 Myr 100 
Speed class unknown 

LMC 1970#1 - 3.2-1.0 300 100 

LMC 1973 10 4.0-0.80 - 63 

LMC 1978#2 - 2.5-1.0 400 63 

LMC 1995 - 4.0-1.3 300 100 

LMC 1997 15 3.2-0.80 - 100 

LMC 2000 - 3.2-0.80 - 100 



Among the intermediate stellar population, the most 
prominent feature is the RGC. From the data presented 
in table 3, it is seen that most of the regions have around 
40% -50% of the total stars in the RGB, with more than 
40% of them in the RGC. It is evident from the table that 
a higher fraction of RGB stars does not imply a higher 
fraction of RGC stars. In can also be noticed that the 
fraction of RGC stars seem to be similar in the case of a 
some regions, indicative of some groups. This could indi- 
cate similar star formation events, if the RGLF has similar 
profiles. The RGLFs of the regions having similar values 
for the RGC star fraction were over plotted and some were 
found to have very similar profiles. These are shown in 
Figure The RGLFs are normalised to the total num- 
ber of RGB stars for comparison. 

The top left panel in the figure shows the regions 
around the novae, LMC 1936, LMC 1988#1, LMC 1978#2 
and LMC 1997. The RGLF in these regions is charac- 
terised by a very prominent RGC clump with a narrow 
and peaked profile for the clump. The first two regions in 
this group are located near moderately fast novae and the 
other two are around novae without speed class estimates. 
The first three regions are located in the north-western 
part of the LMC, whereas the fourth one is located to 
the south-east of the Bar. Also, the first three regions ex- 
perienced major star formation event slightly later, at ~ 
2.5 Gyr, which ended by about 1 Gyr. A few studies on 
the stellar population in the northern region of the LMC 
also show similar results. For e.g. the SFH of two north- 



ern regions studied by Geha et al. ( |1998D using HST data, 
showed an enhancement in star formation at about 2 Gyr 
ago. Similarly, the SFH of two other northern LMC fields 
studied by Dolphin (2000) provide evidence for an incre- 
ment in star formation about 2.5 Gyr ago. 

The top right panel in figure |l^ shows that the RGLF 
of stars in the regions around the novae, LMC 1987, LMC 
1992, LMC 1995 and LMC 2000. These profiles are char- 
acterised by a comparatively broader RGC clump profile, 
with a shorter peak. Among these four regions, the first 
two are located around fast novae, whereas the speed class 
is not known for the novae in the other two regions. It 
is of interest to note that all these four regions are lo- 
cated close to the center of the Bar, at least in the pro- 
jected view. Especially, the regions around novae LMC 
1987, LMC 1995 and LMC 2000 are located very close to 
one another. 

The two plots in the upper portion of the figure |l^ 
seem to indicate that there may be a difference in the 
RGLF of the regions surrounding fast novae and moder- 
ately fast novae. This is only an indication as the known 
number of fast and moderately fast novae is quite small. 

The bottom left panel in figure |l^ shows that the 
RGLF of regions around LMC 1981 and LMC 1973 are 
similar. These are characterised by a slightly flatter peak. 
The first region is around a fast nova, while the speed class 
of the nova in the second region is not estimated. The bot- 
tom right panel shows the RGLF of regions around LMC 
1988#2 and 1977#2. The RGLF is characterised by a rel- 




Fig. 17. The regions having similar profile of RGLF are grouped and plotted. The error bars indicate the statistical 
error in the data. 



atively broad and sharp RGC clump. These two regions 
are located around fast novae. 

In order to substantiate the results of the above dis- 
cussion, the locations of the groups showing similar RGLF 
profiles are shown in Figure |l8|. It can be seen from the 
figure that the novae regions near the central region of the 
Bar have similar RGLF profiles, indicating that these re- 
gions might have had a similar SFH. A look at the MSLF 
of these five regions indicate that the MSLF profiles are 
also very similar supporting the fact that these regions 
might have had a similar SFH. 

A striking feature noticed in the analyses is that the 
stellar population near LMC 1948 is different from those 



seen in other regions. The region around LMC 1948 seems 
to indicate the presence of old stellar population, much 
older than 4.0 Gyr, unlike what is seen in other regions. 
A careful look at the CMDs presented by Udalski et al. 
( ^OOOD of the LMC fields indicate the presence of regions 
which have a SFH very similar to that around nova LMC 
1948. The HST data of the field region near the star cluster 
NGC 2 019, which is located within the Bar, presented by 
Olscn (|1999|) , also shows a very broad RGC and scattered 
RGB similar to the region around nova LMC 1948. This 
region was also estimated to have had an enhanced star 
formation 5-8 Gyr ago. It is thus quite likely that pockets 
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Fig. 18. The location of regions considered in figure 17 
are plotted here. Each group of regions with similar RGLF 
profiles is identified by the same symbol. 



of regions with a SFH similar to that around LMC 1948 
can be found within or near the Bar. 

The moderately young population of a few hundred 
Myr is seen in 10 out of 15 regions studied here. This is in 
the age range 250-500 Myr, with 6 out of the 10 regions 
having 300 Myr age population. The youngest stellar pop- 
ulation is in the range 50-100 Myr, except in the case of 
three regions. None of the regions show stars younger than 
40 Myr. 

The metallicity of the isochrones used is Z=0.008, 
which is equivalent to [Fe/H] = —0.40. This value of metal- 
icity is found to fit all the 15 regions. Hence we find that 
the metalicity of the regions studied is more or less the 
same for the intermediate age stars and for stars younger 
than that. 

Red Clump Stars The red clump stars correspond to the 
core- helium burning stars. When there is a heterogeneous 
population of stars, the luminosity of the red clump stars 
is dependent on the age and metallicity of the underly- 
ing stellar population (Girardi & Salaris pOOl ). Hence the 
age of the RGC stars can be estimated from their lumi- 
nosity, once the metallicity is known. Therefore the peak 
luminosity in the RGC profile can be used to estimate the 
approximate age of the RGC stars. As the Z — 0.008 is 
found to fit the CMDs, this value of Z can be assumed 
for the red clump stars also. The relation between the age 
and the luminosity of the red clump stars for Z — 0.008 
given in Girardi & Salaris (2001) is used to estimate the 
approximate age of the red clump stars in the regions stud- 
ied here. The value of Z assumed here is consistent with 



the [Fe/H] values used by Girardi & Salaris ( 2001 ) for the 
LMC regions. It can be seen that the peak luminosity of 
the RGC profile is in the range My — 0.5-0.7 mag. The 
RGLF indicates that either the RGC peaks at both these 
magnitudes or at one of these. From table 1 in Girardi & 
Salaris (2001), it can be seen that this range in luminos- 
ity corresponds to an age range 3-1 Gyr approximately. 
Girardi & Salaris (2001) mention that the bulk of the red 
giants in the LMC are < 3 Gyr. Therefore the red clump 
age range estimated here is within the expected range. 

Star clusters Star clusters within a radius of 30 arcmin 
from the nova location are studied here with the assump- 
tion that star cluster formation episodes could be linked to 
star formation episodes. Most of the clusters for which age 
estimates are available appear to have formed between 100 
Myr and 300 Myr or between 300 Myr and 1 Gyr. Only 
in one case, in the vicinity of LMC 1990#1, a significant 
number of star clusters appear to have formed before 1 
Gyr. 

The star cluster data presented in table 2 shows that 
though most of the regions have star clusters, the ages 
are known for a significant fraction in only some regions. 
Considering only regions for which ages are known for 
good fraction of clusters, we find that 7 out of 13 re- 
gions (53.9%) have clusters aged more than 1 Gyr. As 
the LMC is seen to be devoid of star clusters within the 
age range 3 Gyr to 10 Gyr, and only a few very old clus- 
ters are known, it is assumed that these clusters fall in 
the 1 Gyr -2.5 Gyr age range. The intermediate age star 
cluster formation episodes are correlated with star forma- 
tion episodes in only ~ 54% of the regions. It thus appears 
that star clusters are not good tracers of the intermediate 
age stellar population in the LMC. 

The star cluster formation seems to be very well cor- 
related to the star formation events in the 100-300 Myr 
range. A good number of star clusters are found in this age 
range, wherever there has been a noticeable stellar popu- 
lation of the same age range. Therefore, the star clusters 
are seen to be good tracers of star formation in the age 
range 100-300 Myr. 

The youngest cluster population seen is younger than 
30 Myr, and is found in the vicinity of 7 novae. On the 
other hand, no stellar population younger than 40 Myr is 
seen in any of the novae regions. Therefore, we do not see 
any correlation between cluster formation and star forma- 
tion in this age range. Hence the star clusters are not a 
good tracers of stellar population younger than 30 Myr. 

4.3. Probable parent population of novae 

The parent population of the novae is believed to belong 
to the intermediate age population. In the nova regions 
studied here, we find that the star formation began a few 
Gyr ago, though there are traces of old stellar population. 
The population which is the outcome of this star formation 
event is likely to be the parent population of the novae. 
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The star clusters do not appear to be good tracers of the 
stellar population in the intermediate age range, as seen 
in the previous section. Hence only the intermediate age 
stellar population and their ages are considered to iden- 
tify the probable parent population of the LMC novae. 
The stellar population considered is the projected popu- 
lation near the novae. As the LMC is known to have a 
thin disc, we assume that the depth of the LMC in the 
line of sight to be small. Therefore the assumption that 
the nova and the projected stellar population are not very- 
much spatially separated is valid. In this study, we have 
analysed the stellar population around 15 regions on the 
face of the LMC and identify the intermediate population 
which is common to the regions belonging to each type 
of nova. This approach thus more or less eliminates any 
biases arising due to the projection effect. 

Of the six fast nova regions studied here, we find that 
in three regions, the intermediate age population has an 
upper age limit of 3.2 Gyr, two regions have 4.0 Gyr and 
one has 2.5 Gyr. The lower limit is 1.3 Gyr for three, 
1.6 Gyr for one and 1 Gyr for one. As one region (LMC 
1990#1) has continued star formation, the lower age limit 
is not possible to identify. This implies that the parent 
population of fast novae lie in the age range 4.0-1 Gyr. 
Assuming the parent population to be in the age range 
which is in common in all the six regions, the age range 
of the parent population of the fast novae is likely to be 

3.2- 1.6 Gyr. 

The regions around the two moderately fast novae 
studied here indicate a parent population in the age range 
2.5-1.0 Gyr. 

The region around only one slow novae has been stud- 
ied. The striking differences between this region and those 
around the fast and moderately fast novae are: (a) con- 
tinuous star formation between 10 Gyr -630 Myr, and (b) 
presence of stars belonging to the age range 4-10 Gyr. 
As there is only one slow nova in the LMC for which field 
star data are available, we looked into the projected stel- 
lar population around a slow nova in Small Magellanic 
Cloud (SMC); SMC 1994. SMC 1994 was detected in the 
EROS microle nsing survey, located in the core of SMC (de 
Laverny et al 199S). Detailed observations of this nova 
indicated it to be a slow nova, with properties similar 
to the slow, dust forming Galactic novae. The region in 
which SMC 1994 occurred has been scanned by the OGLE 
project in their survey of the SMC (Udalsky et al. 1998| ). 
An analyses of the CMD of the field stars in the nova 
neighbourhood shows that the region had a SFH similar 
to the LMC 1948 region and that the RGB stars span a 
range of 1 - 10 Gyr in age. The above facts imply that the 
progenitors of slow novae probably belong to an older pop- 
ulation, consistent with the idea of slower, fainter, bulge 
novae in the Galaxy and M31. 

The age estimates for the novae for which the speed 
class is not known, show that the common age range is 

1.3- 2.5 Gyr. If one includes all the ranges, then the age 
of the intermediate age population is in the range 4 Gyr - 
800 Myr. 



Combining the results obtained for 14 regions around 
novae, (excluding the region around slow nova), we see 
from table 4, that 28.6% (4 out of 14 regions) of the regions 
have 4 Gyr, 42.9% (6 out of 14) have 3.2 Gyr, 21.4% (3 out 
of 14) have 2.5 Gyr and 7% have 2.0 Gyr as the upper limit 
for age of the intermediate age population. The lower limit 
for the age of the intermediate age population is found to 
be 1.6 Gyr for 7% of the regions, 1.3 Gyr for 28.6% of the 
regions, 1.0 Gyr for 42.9% of the regions and 800 Myr for 
21.4% of the regions. The important limit derived in this 
study is the upper age limit of the parent population of 
novae in the LMC, which is 4 Gyr. The lower age limit 
for the parent population of the novae is more likely to 
be 1 Gyr. If we consider the most likely limit, then the 
progenitor age range is likely to be between 3.2-1.0 Gyr. 
The progenitor for the slow novae is likely to originate 
from the population, in the age range 1-10 Gyr. 

In the previous section, it was found that the red clump 
stars in the LMC are likely to be in the age range 3-1 Gyr 
and this is very similar to the age range for the progenitors 
of the fast and moderately fast novae. It is very likely that 
the progenitors of fast and moderately fast novae and red 
clump stars are similar in age and metallicity. 

Applying standard models for the formati on and evolu- 
tion of cataclysmic variables, Kolb & Stehle (1996) deter- 
mined the age structure for a model population of Galactic 
cataclysmic variables. Their model predicts that there are 
two age groups, above and below the orbital period gap. 
The systems above the period gap are younger than 1.5 
Gyr and those below the gap are of age 3-4 Gyr. The 
possible age for the nova population derived in this study 
is in good agreement with the age estimates of Kolb & 
Stehle (1996), keeping in mind that their estimates are 
for the Galactic cataclysmic variables. This indicates that 
the progenitor age range as found in the LMC is very 
similar to that estimated for our Galaxy. As the novae in 
the LMC are predominantly disk novae, the progenitors 
of disk novae are likely to be in the age range 3.2-1 Gyr. 

Other galaxies The SFH around the nova regions in the 
LMC may be compared with the SFH of other galaxies 
where novae have been detected, in particular, M33 which 
is also a disk dominated galaxy. Based on a study of the 
star clust ers in M33, Chandar et al. (1999) and Ma et 
al. ( |200l| ) find that M33 experienced an enhancement in 
cluster formation around a few Gyr and that most of these 
clusters are metal poor. If we assume that the intermedi- 
ate age cluster formation is correlated with that of the 
stellar population, then it appears that the parent popu- 
lation of novae in M33 are similar to those in the LMC. It 
is of further interest to note that NGC 5128, an elliptical 
galaxy where a fair number of novae have been detected 



(CiarduUo et al. 1990), shows a significant presence of in- 
termediate age AGB stars as indicated by a recent study 



based on VLT observations (Rejkuba et al. 2001) 
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5. Summary and conclusions 

The underlying population in the location of novae in the 
LMC are studied in an attempt to understand the common 
characteristics of the nova regions and thereby tried to 
identify the parent population of novae. There has been no 
previous attempt to directly study the stellar population 
in the neighbourhood of novae. 

The LMC is an ideal galaxy to undertake such a study 
as a good number of novae are identified in the LMC and 
the field population has been very well studied through 
many recent surveys. The stellar population and the star 
clusters near the novae are used for this study. The lo- 
cal population of the novae are studied using the OGLE 
II field star data and the star clusters are obtained from 
catalogues. The star formation history in the location of 
15 novae are studied using CMDs, LFs and comparing the 
fraction of stars in the MS, RGB and RGC. The episodes 
of cluster formation are determined by grouping the clus- 
ters in age. The above analysis leads to the following con- 
clusion: 

1. The LMC has 72.2% novae in the fast category and 
11.1% in the slow category. This suggests that the frac- 
tion of the intermediate age stellar population to which 
the fast novae belong is correspondingly substantial, 
when compared to the fraction of the old stellar pop- 
ulation which are responsible for the slow novae. 

2. The fast novae (including the ONeMg type) and the 
moderately fast novae have a very similar parent pop- 
ulation. Also, the SFH of intermediate age stars near 
these novae are very similar, while that around the 
slow nova is very different. 

3. The upper age limit of the stellar population to which 
the fast and moderately fast novae belong is likely to 
be 3.2 Gyr, while it cannot be higher than 4 Gyr. The 
lower age limit of the parent nova population is most 
likely to be 1.0 Gyr. This is in goo d agr eement with 
the age estimates of Kolb & Stehle ( 1996 ) for Galactic 
cataclysmic variables. 

4. The region around slow nova shows continuous star 
formation between 1- 10 Gyr, with a good fraction 
belonging to the 4-10 Gyr population, consistent with 
the idea that the progenitors of slow novae belong to 
an older population. 
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